Abstract
Austria lead the world in yearly chocolate consumption, eating 19.8, 17.4, and 17 .2 pounds of chocolate a year per person, respectively (Confectionery News 2014) . Worldwide demand for chocolate treats is at an all-time high (World Resources Institute 2015) . Most of this demand is driven by the Western world, but the popularity of chocolate is quickly rising in rapidly developing nations, such as China and India, and this fact is not lost on confectionary companies (Reuters 2015) . For example, Hershey has recently invested $250 million into a strategically-placed manufacturing plant in Malaysia, looking to these countries for the future expansion of their products (Business Wire 2013).
Despite high levels of chocolate consumption in the United States and other developed nations, people rarely consider where chocolate comes from, or the conditions under which the cocoa 1 trees, which produce the beans to make chocolate, are grown. Chocolate production involves a long and highly unequal commodity chain that transforms the raw cocoa bean into the chocolate treats we love and crave (Fairtrade Foundation 2016) . In fact, these commodity chains have been restructured in recent years with increased economic globalization and become even more unequal. As an example, despite millions of cocoa growers, just nine companies now control the processing and manufacturing of chocolate worldwide (Fairtrade Foundation 2016) . This concentration has the potential to distort the market and drive profit down for small cocoa growers (Fairtrade Foundation 2016) . The production of chocolate likely entails environmental costs in the regions in which the cocoa in grown, which are typically far from the sites of consumption facilitating processes of ecologically unequal exchange (Bunker and Ciccantell 2005; Jorgenson et al. 2009 ).
This paper examines the environmental costs of chocolate through the lens of ecologically unequal exchange, specifically focusing on links between cocoa exports and deforestation. Worldsystems theory, which espouses thinking on ecologically unequal exchange, provides an excellent theoretical lens from which to view the environmental consequences of chocolate production.
While chocolate is a luxury item almost exclusively enjoyed in the developed world, cocoa is exclusively grown in places such as West Africa, Asia, and Central and South America; regions that on average have extremely small demand for the product that they often depend on for their livelihoods (Confectionery News 2014; Fairtrade Foundation 2016) . Although ecologically unequal exchange has been used to examine links between agricultural products more generally (e.g. Jorgenson, 2006; Jorgenson et al., 2009 Jorgenson et al., , 2010 Shandra et al., 2009) , as well as key commodities, such as coffee and beef (Austin 2010a (Austin , 2012 , the potential role of cocoa exports specifically in promoting deforestation in developing nations has not been empirically examined was held in high esteem by indigenous peoples, as evidenced by a jadeite carving depicting a Maya lord holding a cocoa tree found in the cenote of Chichén Itzá. (Young 2007) . Other examples abound as images of warrior-priests and nobles with cocoa trees dating back to 200 A.D. have been found throughout the Mayan territories of Mexico and Central America (Young 2007) . Other indigenous peoples of the region (e.g., Aztecs and their descendants, the Pipil-Nicarao Indians)
had several uses for cocoa. It was consumed in a drink, used for currency, and used as tributes to rulers of the Aztec empire (Coe and Coe 2013; Young 2007) . Although early indigenous groups in Mexico and Central America farmed cocoa intensively, their respect for nature helped them develop environmentally sustainable methods of agriculture. Cocoa was part of a diversified agricultural plan that included other taller trees that provided the needed shade for the cocoa tree (Coe and Coe 2013; Young 2007) .
Although Columbus brought cocoa beans back from the new world around 1502, they went largely unnoticed (Cadbury 2017 chocolate drink made from cocoa in fifty gold chalices and tributes being paid to him in the form of cocoa beans in 1519 (Young 2007) . Realizing that it held the potential for commercial value he took it back and introduced it to the Spanish royal court circa 1530 (Cadbury 2017; Young 2007 ).
Cocoa did not become immediately popular in this form as it was too bitter. It was not until a decade later when cocoa was mixed with sugar and cinnamon that it began to increase in appeal (Cadbury 2017; Coe and Coe 2013) . However, broad popularity had to wait until the late 19 th century when the Swiss candle maker Daniel Porter worked with Henri Nestle to perfect the process of making milk chocolate (Cargill 2017; Coe and Coe 2013) .
Cocoa Production Today
Approximately 90 percent of the world's cocoa is grown by five to six million small farmers. In total, 40 to 50 million people in the developing world rely on the cultivation of cocoa as their main source of livelihood (Afoakwa 2014) . Since the 1930s, West African farmers have been world leaders in cocoa production led by Côte d'Ivoire, Ghana, Nigeria, and Cameroon (Afoakwa 2010 ).
The average size of the small cocoa farms is around one to four hectares (Barrrientos 2016; Wessel and Quist-Wessel 2015) . Despite a majority of the world's cocoa being grown in West Africa, it has recently expanded to other countries where different growing methods are used. In India, for instance, cocoa is grown on a mix of small and large-scale farms, and in Indonesia it is mostly grown on large-scale farms using monoculture techniques (Barrrientos 2016). While it is easy to link large-scale agri-businesses to deforestation practices, there are also several reasons for small farmers to increase pressures on forests as well, such as expanding cultivation sites into new areas due to rising world demand, older cocoa trees becoming less productive, and new government-led initiatives in several West African countries to increase production (Wessel and Quist-Wessel 2015) .
Today the process of making chocolate begins with the cocoa tree. Cocoa trees only grow within a 20-degree swatch of the equator (Cadbury 2017; World Cocoa Foundation 2017) and are highly fragile and unproductive in climates that are too hot or too windy (ICCO 2015) . These trees typically take three to four years to mature before producing the colorful pods, and tend to produce fruit or pods for about 10 years. Cocoa pods are rather distinct in that they grow directly from the trunk and large branches of the tree (Cadbury 2017) . A typical tree is less than 25 feet high which traditionally made it ideal to grow under the shade of larger trees in its natural rainforest habitat.
There are typically two growing seasons for cocoa and the average yield is about 30 cocoa pods per tree. The pods are about 7 to 8 inches long and weigh about one pound each. Once these pods are harvested, usually by hand with a machete, they are split to reveal about 20 to 50 almond-sized beans encased in a whitish pulp (World Cocoa Foundation 2017) . Once removed from the pulp, the beans begin a multi-stage process of fermentation and drying in the countries where they are grown before the dried beans are bagged and shipped to processing plants where they are winnowed, roasted, grinded, and pressed (World Cocoa Foundation 2017). The typical tree produces only enough cocoa to make 450 grams or approximately 16 ounces of chocolate in a year (Cadbury 2017 Since the vast majority of cocoa produced in the world today is done by small farmers, it is important to examine recent developments in the way in which small farmers in West Africa have been integrated into the world economy, which is relevant for understanding unequal exchange. In
West Africa from the 1950s to 1980s, the cocoa industry was organized by the state through export marketing boards. These boards set prices, held a monopoly on export cocoa, allowed for stable prices, and ensured the uniform quality cocoa bean (Barrrientos 2016). However, in the 1980s, these marketing boards were abolished and the world market was liberalized as exporting countries fell under the structural adjustment policies of the World Bank and International Monetary Fund (Barrrientos 2016). While the goals of these liberal policies may have been to increase efficiency of production and increase profits from cultivation, this has not been the result (Oxfam 2009 ).
Instead small-scale farmers are subject to global fluctuations and market volatility as layers of protections were removed (Barrrientos 2016).
Since the 1980s there has also been a trend toward increased concentration in the cocoa commodity chain in terms of processing (grinding) and manufacturing (Barrrientos 2016; Fold 2002 (Oxfam 2009 ). Thus, the world has seen significant changes in the global commodity chain of chocolate since the 1980s. On the one hand, small cocoa farmers are now directly linked to the world economy and on the other, there has been increased concentration of production and manufacturing processes (Barrrientos 2016; Fold 2002) .
While the chocolate industry is big business today for corporations of the Global North involved in the processing, marketing, and distribution of chocolate, many of the small farmers growing cocoa live in poverty, as only about 3 percent of the price of each chocolate bar goes to the famer (Oxfam 2013) . Many cocoa farmers are food insecure; for example, one study indicates that about 60 percent of households who farm cocoa in Nigeria's top cocoa producing state were food insecure (Oluyole et al. 2009 ). Thus, it is possible that households that specialize in cocoa cultivation do so at the expense of producing other local food products, as we see with other products such as coffee (e.g., Austin 2012). These trends are consistent with the discussion of the commoditization of food and inequitable access to food in the new global economy (Scalan 2003) .
Unique qualities of cocoa trees create pressures on the industry and may enhance negative impacts on the environment. Importantly, cocoa trees are highly fragile and are plagued by several diseases such as Witches' Broom, Frosty Pod Rot, and Phytophthora Pod Rot that have been harmful to yields (ICCO 2015) . It is not uncommon to lose anywhere from 30 to 40 percent of a cocoa crop in a given year due to one or more of these diseases (World Cocoa Foundation 2017a).
Climatic changes, such as a lack of rainfall, and the depletion of soil nutrients over time, reduce yields (Bloomberg 2015) . Further, reliance on aging trees and political instability in West African countries also has negative impacts on cocoa production (World Resources Institute 2015). The marked increase in worldwide demand in recent years intensifies these factors (World Resources Institute 2015) . Deficits in production yields from prior years are being carried forward to create enhanced pressure on farmers to produce and export more cocoa and search for ways to increase their output (Fairtrade Foundation 2016) . One such solution is the call for increased use of fertilizers (Gockowski and Sonwa 2011) . While fertilizer use often leads to impressive increases in cocoa yields, small farmers are often reluctant to use them. Wessel and Quist-Wessel (2015) document that fertilizer is shown to increase cocoa yields by as much as 50 percent in 5-year trials in Ghana, however, they have little effect on the yields during the first two years of use and are expensive. Thus, it is hard for poor farmers to invest in a solution that does not produce timely results (Wessel and Quist-Wessel 2015) .
Instead of using fertilizers, small plot farmers are increasingly felling new forests as a solution to older, unproductive areas with poor soil fertility (CNN 2008 While the research presented here focuses on one of the main environmental consequences of cocoa farming, deforestation, it is important to point out that there are also other negative environmental consequences, such as increases in countries' carbon footprints, changing weather patterns, soil depletion, and the creation of other metabolic rifts (World Resources Institute 2015).
Further, the negative social consequences of cocoa cultivation are well-documented, including the displacement of indigenous peoples, the continued reliance on child labor, and the trafficking of children in modern-day slavery (Business Wire 2016, Tulane University 2015).
Some actors in the chocolate industry are working hard to find other ways to keep up with demand. Cocoa research labs are looking for genetically modified cocoa strains that are more resistant to diseases (Bloomberg 2014) . In addition, some are also calling for increased use of pesticides and fertilizers to enhance yields (Gockowski and Sonwa 2011) . Others promote continuation of the more traditional methods of production, mixing cocoa trees with larger shade trees, which could help offset some of the carbon deficient being created by clear-cutting of forests. However, there are real costs and economic limits associated with each of these potential solutions, such as the costs of planting or maintaining larger trees, producing inferior quality cocoa, and the obvious environmental consequences associated with the use of pesticides and fertilizers.
Cocoa is perhaps the prototypical commodity to view through the lens of world-systems analysis. Although chocolate is consumed almost entirely in core nations, the natural resources needed to produce it come from poor, less developed nations. Spatial inequalities between the providers or growers of cocoa and the corporations and countries who profit most from chocolate processing, manufacturing, and distribution facilitate increased environmental degradation at the sites of production (e.g. Bunker and Ciccantell 2005) . Inequalities in global power and development are attenuated through unequal exchange relationships and the unequal commodity jwsr.org | DOI 10.5195/JWSR.2017.731 chain of cocoa cultivation and processing obscures the potential negative consequences to forests out of the view of consumers in the Global North (Bunker and Ciccantell 2005) . World-systems theory and related concepts of unequal exchange and ecologically unequal exchange provide insight into the global processes in which the benefits of chocolate consumption are enjoyed in highly developed nations while the negative environmental consequences, especially forest loss, are experienced in peripheral nations.
World-Systems Theory and Ecologically Unequal Exchange
World-systems theory is heavily influenced by Marxist political economic thought, dependency theory, and by the writings of the United Nation's Economic Commission for Latin America headed by Raúl Prebisch in the 1970s (Timmons and Grimes 2002). World-systems theory emerged as a reaction to the failed promises of modernization theory and the more mainstream neoclassical economic approaches that became popular among those in the developed world in the 1960s (Sheppard 2008; Timmons and Grimes 2002) . Modernization theory is exemplified by the writings of Rostow (1960) who wrote that all countries could embark on a path from a traditional society toward a modern capitalist consumption based economy. A typical country would need some sort of external shock or assistance to spur them on the path toward development (Rostow 1960 ).
Missing from modernization theory, especially the version developed and propagated in the United States, is the fact that the current members of the developed world could not have undertaken this development without the exploitation of the third world with its roots in colonization (Roberts and Grimes 2002; Wallerstein 1974) . Specifically, it was imperative to have weaker countries that could be exploited either through direct colonial relationships, as in the case of European countries, or through indirect hegemonic pressures, as in the case of the United States (McMichael 2012; Wallerstein 1974) . Thus, the modernization approach to development is ahistorical in nature as it does not consider how these exploitative relationships propelled Western development. In addition, the modernization perspective is consistent with earlier ideas about comparative advantage, which describes that countries best opportunity to develop economically would be to find what they have a natural comparative advantage in, and then build the economy around this specialization (e.g., Ricardo 1817; Smith 1776). While there is some merit to the idea that specialization can lead to efficiencies in production and global trade, and that these can help to stimulate economic growth in a country, it is not a sustainable approach for all countries. Some newly industrialized countries (e.g., South Korea, Taiwan) were able to parlay this strategy into economic growth, but specialization in low-value, low-wage commodities, including agricultural items leaves many lesser-developed countries behind (e.g. McMichael 2012).
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World-systems theory was advanced simultaneously by Samir Amin, an Egyptian-French economist, and by Immanuel Wallerstein, an American sociologist (Sheppard et al. 2009 ). One of the main insights of world-systems theory is that the focus of action or unit of analysis in not an individual state, but rather the world-system and the interactions therein (e.g., Chase-Dunn 1998; Wallerstein 1974) . Thus, if seeking to explain events that take place in once country, such as a small-holding cocoa farmer moving deeper into protected national forests in Côte d'Ivoire to find more suitable lands for cultivating cocoa trees, it would be insufficient to look for explanations for these actions solely by focusing attention on the direct relationship between the farmer and the local market. Instead, because the world operates as a system, the driving force leading to the farmer's actions would have its roots elsewhere in the world-system (e.g., Wallerstein 1974). Wallerstein (1974) conceptualized that relations between countries in a capitalist world economic system have a relational aspect and that world is divided into three strata of economic processes: the core, semi-periphery, and periphery. Core economic processes are those that focus on heavy industrial production and high-value production processes, while peripheral economic processes are those that focus on the export of minerals and primary agricultural products (as well as some light manufacturing) (Sheppard et al. 2009 ). Wallerstein (1974) posits that core and peripheral processes tend to be spatially clumped together in modern nation-states, the main political unit within a capitalist world system. Counties higher up on this relational continuum actively exploit those below it, thus leaving the semi-peripheral counties in a rather unique position to be both exploited by some and the exploiter of others as they engage in a mix of core-like and periphery economic processes (Chase-Dunn 1998; Wallerstein 1974) . One mechanism by which peripheral countries are exploited by those closer to the core is through the underlying process of unfair trade patterns, or unequal exchange.
Unequal Exchange
The concept of unequal exchange, originally conceptualized by Emmanuel (1972) , posits that countries in the core and periphery exchange commodities that are inherently unequal in value.
The exchange value of primary of commodities produced in the periphery (with the exception of some mineral commodities such as diamonds and oil) is typically lower than manufactured or finished goods produced in the core (Sheppard et al. 2009; Wallerstein 1974) . When core and periphery countries trade with each other, those countries exporting higher-valued goods typically receive better terms of trade and increased profits relative to those countries who export low-value primary goods. Thus, trade is unequal and the related power imbalance allows core countries to distort the terms of trade to their own economic benefit (McMichael 2012; Wallerstein 1974 This leaves these peripheral countries heavily dependent on a relatively few number of products or commodities. While at times this can be beneficial and may lead to big gains if the product is highly sought-after, diversification, not concentration, provides more protections against worldwide economic fluctuations (Emmanuel 1972) . Furthermore, the agricultural products that periphery nations are pressured to produce are very competitive in that they are alike one another.
Competition between producing nations for the same product (like cocoa) drives down prices and bargaining power.
Additionally, primary commodities do not possess the flexibility of production that high valued manufactured goods have to respond to market fluctuations. For instance, in a manufacturing plant in times of high demand, shifts can be extended, new shifts can be added, and workers can be brought on the payroll all to take advantage of this increase of demand. In the opposite situation when demand is low, the steps described above can be reversed. However, for those that grow cocoa and other similar items, it takes years for a cocoa tree to mature to the point where it produces pods and there are a limited number of growing seasons in a year. Thus, production of primary products is rather inflexible and too much of a product on the market drives the prices down restricting economic gains.
Relational aspects of trade, such as differentials in political power, also affect trade. In bilateral trade agreements and multilateral trade mechanisms, such as the World Trade Organization (WTO), those with more political power have more leverage to determine the terms of trade in these agreements (McMichael 2012) . Countries in the periphery with relatively less political power are not able to negotiate the most favorable terms of trade.
The mechanisms discussed above demonstrate numerous problems for economic development strategies that rely on primary sector specialization. Peripheral countries also face environmental costs and related adverse consequences that arise out of specialization in the primary sector and the unequal relations between core and peripheral countries in the worldsystem. These relations are best understood in terms of ecologically unequal exchange.
Ecologically Unequal Exchange
A growing body of research examines how the structure of the world-system, especially how the organization of international trade leads to negative environmental outcomes for some countries jwsr.org | DOI 10.5195/JWSR.2017.731
and not others (e.g. Bunker and Ciccantell 2005) . This research originated with Bunker's (1985) Underdeveloping the Amazon: Extraction, Unequal Exchange, and the Failure of the Modern State. Bunker argued that insufficient attention was placed on the environmental inequalities inherent in the capitalist world-system created and maintained through unequal exchange relationships. Unequal exchanges do not just focus on environmental degradation such as deforestation, but also encompass the unequal use of natural resources, over-utilization of environmental space, and the displacement of environmental risks to poor nations (Frey 2003; Jorgensen 2016; Rice 2008) .
Unequal trade relations and the specialization on commodity production in poorer nations allows the environmental consequences of consumption in affluent nations to be shifted or externalized to the poorer countries where primary commodities are produced (e.g. Bunker and Ciccantell 2005; Frey 2003; Rice 2008) . Countries closer to the core are able to shift a majority of the environmental costs of consumption and waste generation to more peripheral countries, leading to increased environmental degradation in poor nations relative to the core (e.g., Jorgenson 2016; Rice 2008 ). Higher levels of environmental destruction lead to an increasing inability of these peripheral counties to consume their own resources and protect their natural assets, fostering underdevelopment (e.g., Bunker and Ciccantell 2005) .
Previous cross-national research using the world-systems frame and applying the concept of ecologically unequal exchange yields insight on the impact that specializing in export of primary commodities has on a variety of ecological outcomes, such as biodiversity loss of mammals and birds (Shandra et al. 2009b) , the environmental footprints of nations (Jorgenson and Burns 2007) , climate change (Roberts and Parks 2007) , organic water pollution (Shandra et al. 2009c) , the use of environmental space (Frey 2003; Rice 2007) , and deforestation (Austin 2010a (Austin , 2010b Jorgenson 2004 Jorgenson , 2006 Jorgenson et al. 2010) .
Several quantitative studies using the concept of ecologically unequal exchange attempt to assess the environmental impacts of the vertical flow of exports from less developed countries to more developed countries. This has been carried out in a variety of ways, using weighted export flow indicators for various products or product categories (e.g. Jogenson 2006; Jorgenson et al. 2010) , the concentration of certain export types to core countries (e.g. Shandra et al. 2009a Shandra et al. , 2009b , or simply export concentration in certain commodities that are exclusively produced in poorer nations, such as coffee (e.g., Austin 2012). Regardless of how ecologically unequal exchange is operationalized, 2 there is overwhelming empirical support for negative impacts across a variety of environmental outcomes, including deforestation. Hypotheses My study builds on previous empirical analyses and examines whether specialization in the export of cocoa leads to heightened deforestation in cocoa-producing nations. Two hypotheses are tested. The first hypothesis follows:
H1: Current specialization in cocoa exports leads to deforestation in developing nations, net of other relevant factors.
As emphasized previously, many reports highlight the increased demand for chocolate over time and that demand is now at historically elevated levels (World Resources Institute 2015). Tables 3   and 4 below, along with the value of the key independent variable, export concentration in cocoa.
The source for all variables used in the analysis is the World Bank's World Development Indicators (WDI), unless otherwise noted. Table 5 To qualify as forest area, the land must be larger than .5 hectares and have trees at least 5 meters high and producing a canopy area of more than 10 percent of this area or at least have trees that can reach these standards. In addition, it is does not include land that is currently used for agriculture or urban use. Following Shandra (2007) the change scores were subsequently multiplied by -1 to reflect deforestation and aid in the interpretation of the regression results.
3 Longitudinal analyses are not preferable or possible for a few reasons. First, the quality of data on forest stocks have improved greatly over time, so researchers should be cautious in comparing across wide time frames using multiple measures of forest stock. Data on deforestation before 1990 should not be compared with more recent data (Shandra 2007) . Thus, my analyses focus only on the most recent comparable data. Also, the sample size is inherently very small, as relatively few nations produce cocoa. In creating a longitudinal dataset, missing data on key controls would have further limited the sample size to unacceptable levels. Creating two analyses across two different time periods of a narrower time window lessens these limitations, but still adds the time dimension needed to examine if the pressures on forests from cocoa production are more applicable in recent years, as current reports suggests (e.g. Wessel and Quist-Wessel 2015) .
Previous studies of deforestation have examined change over 5-year (e.g. Austin 2010b) and 15-year periods (e.g. Jorgenson et al. 2010) . 
Key Independent Variable: Export Concentration in Cocoa
To capture the extent to which a country is dependent on the export of cocoa beans, I calculated the export concentration by using data for two variables. The first is the value of cocoa bean exports obtained from the FAOSTAT database. While the FAOSTAT database contains data on several cocoa products such as beans, butter, powder, and paste, this paper focuses on the export of cocoa beans as they are the primary source of chocolate, and as the values for export of cocoa butter, powder, and paste were very low, if a nation exported these at all. 6 The export value of cocoa beans were then divided by the total export value for all agricultural products in a country in the given year and multiplied by 100 to calculate the percent of total agricultural export dollars that are from cocoa beans or the export concentration in cocoa. The total agricultural export value was obtained from the World Bank's WDI databank and both of these variables were measured in thousands of Education. To measure the extent to which education may impact deforestation I used gross enrollment ratios of primary schooling. Schooling can impact deforestation in two ways. As education expands, so does knowledge of the environment as well as the harmful effects of deforestation. In addition, it is likely that with increased schooling there are fewer people working the land and adding to the pressure to deforest the land.
9
Liberal Democracy. Previous studies have suggested that counties with higher levels of liberal democracy are more likely to have increased environmental protection due to higher levels of environmental activism and the increased accountability of leaders (Shandra 2007; Shandra et al. 2009b ). The measure of liberal democracy used here is Bollen's recently updated Liberal
Democracy Series I Indicator. This is a continuous variable that ranges from 0 to 100 and has been shown to be superior to alternative indicators such as the Polity or Freedom House's combined political rights and civil liberties index because it controls for measurement error (Noble 2016) .
10
Agriculture as a Percent of GDP. It is also important to control for other forms of agricultural
production in order to demonstrate that concentration in cocoa exports has a unique effect on deforestation, even when considering the impact of all other agricultural products. If there is evidence that concentration in cocoa exports impacts deforestation while controlling for all types of agricultural production (domestic production as well as export production), then this would demonstrate the exceptional effect of cocoa on deforestation, even when taking into account the cultivation of other agricultural commodities.
11
Rural Population Growth. Rural encroachment has been theorized to lead to greater environmental degradation (e.g., Rudel 1989) . Migrants from urban areas typically are typically poor, unskilled, and lack the education of their urban counterparts. Thus, they are more likely to depend on the land for survival and this may increase prospects for environmental degradation.
Rural population growth is included as an additional control variable. Growing rural populations within a country often place additional pressures on forests that can lead to deforestation (e.g., Austin 2010b; Jorgenson and Burns 2007; Rudel 1989 ). Rural population growth was calculated from 1994-1999 in the first set of analyses, and from 2004-2009 in the second set of analyses.
9 Analyses were based on primary education because data for gross enrollment in secondary education were limited and would have led fewer cases. However, the main findings regarding cocoa exports on deforestation did not change when additional tests using the secondary schooling enrollment data were used. I prefer to use primary education in the final models to maximize the sample size.
10 The analyses were also tested using a democracy measure from Freedom House and achieved consistent results with those presented here. 11 Another control for agricultural exports was created which subtracted cocoa exports from total agricultural exports, then divided this by GDP. This measure therefore controlled for specialization in non-cocoa agricultural exports. This measure was not significant and did not impact the substantive findings reported here. I chose to use the agriculture as percent of GDP in the final models displayed here to also capture the potential influence of domestic production of food items. Results Four models were estimated using OLS regression techniques in Stata.
12 These models consisted of a baseline model (Model 1) that included the key independent variable, export concentration in cocoa, and two important control variables, the percent of forested land area and GDP per capita.
Model 2 is based on the introduction of social variables, specifically educational enrollment and the level of liberal democracy. Model 3 included the variable agriculture as a percent of GDP to account for other forms of agricultural production. Model 4 included the previously mentioned variables and variables accounting for population dynamics. 13 I built the models in this step-wise fashion to help alleviate concerns of multicollinearity. The VIFs indicated that multicollinearity is not a major limitation in the present analyses.
Cocoa Exports and Deforestation from 1999 to 2004
The results of the regressions predicting deforestation from 1999 to 2004 are displayed in Table 7 and demonstrate that few variables included in the analyses appear to have a significant impact on the deforestation during this period. Models 1-4 show that the percent of land area that is forested has a positive and statistically significant influence on deforestation across all four models in this analysis at the 0.05 level. The positive effect can be interpreted as countries with higher levels of forested land area had higher levels of deforestation from 1999 to 2004. The size of the effect is relatively consistent across all four models.
12 In addition to the standard OLS regression, I also examined the STIRPAT (Stochastic Impacts by Regression on Population, Affluence, and Technology) formulation of my model in which the logged version of all variables is used. STIRPAT is a reformulation of IPAT and posits that the effects of predictors are multiplicative and has been recommended by previous researchers. See York, Rosa, and Dietz (2003) for more information. In the present analysis, I found that the logged version of all predictors did not change the substantive results in a significant manner. It did, however, introduce multicollinearity into the model as evidenced by inflated VIFs for several of the predictors. Thus, I retained use of more traditional OLS regression analyses in the final models presented here. 13 In addition to the control variables noted, I also tested for the influence of a number of other measures, including urban population growth, debt and debt service, GDP growth, regional dummy variables for Latin America, SubSharan Africa, and SE Asia, as well as interactions between these regions and cocoa exports. None of these were significant in predicting deforestation, and none of these impacted the results surrounding cocoa exports and deforestation. For the sake of parsimony, results of these alternative models are not presented here, and I only focus on the measured featured most prominently in prior unequal exchange and deforestation research (e.g. Austin 2010a, 2010b).
There is some evidence that GDP per capita in 2009 has a negative and significant effect on deforestation from 1999-2004, however this effect was not consistent across all models. Somewhat surprisingly, the results in Table 7 also reveal that primary schooling has a positive impact on deforestation. This suggests that countries with higher levels of pupils enrolled in primary school experienced higher levels of deforestation from 1999 to 2004. These latter results run counter to what was expected.
Most importantly, the results displayed in Table 7 
Cocoa Exports and Deforestation from 2009 to 2014
The second set of OLS regression estimates are for the period 2009 to 2014 and displayed in Table   8 . A key finding of these analyses is that export concentration in cocoa has a positive and statistically significant effect on deforestation across all models. Overall, the relationship between In addition to the robust impacts of specialization in cocoa exports, the results in Table 8 also demonstrate that agriculture as a percent of GDP also has a positive and statistically significant effect on deforestation (as displayed in Models 3 and 4). These findings are consistent with worldsystems theory and specifically the concept of ecologically unequal exchange. Somewhat surprising is the result that the percent of land area forested is no longer a significant predictor of deforestation in the most recent time period as it was in the earlier period. One could speculate that the size of the forested area in a country no longer matters in terms of whether it uses these forests for economic development. The pressure to reap forest resources may be intensified, regardless of the size of forest stocks.
jwsr.org | DOI 10.5195/JWSR.2017.731 Table 7 . OLS Regression Predicting Deforestation (1999 -2004 The results in Table 8 also illustrate that GDP per capita has a negative and statistically significant effect on deforestation from 2009 to 2014 in some of the models, similar to the findings from the earlier time period in Table 7 .
When it comes to evaluating the two hypotheses stated above, I find partial evidence for Hypothesis 1 stating that specialization in cocoa production leads to deforestation in poor nations. Table 8 . OLS Regression Predicting Deforestation (2009 This hypothesis was validated in the models for the contemporary time period, but not in the earlier one. This evidence suggests that there is nothing inherent in the specialization of cocoa production that leads to deforestation. Rather, the confirmation of Hypothesis 2, that the impacts of cocoa exports on deforestation have become more robust in recent time periods, likely illustrates that increased pressures on farmers to expand cultivation sites and engage in unsustainable growing practices contributes the most to deforestation.
To further examine how the impacts of cocoa production on deforestation have changed over time, I calculated the bivariate correlation for cocoa export concentration and deforestation for the 14 My argument may be furthered strengthened if I could demonstrate that the size of the average cocoa farm has increased over time. Yet, I also argue that the current pressures and challenges on small and large farmers alike may not be dependent on farm size. However, specific data on the average size of cocoa farms by country does not exist and thus cannot be incorporated into this analysis. The findings in Table 8 show that the impact of cocoa specialization on deforestation is robust, even when taking into account the production of other agricultural commodities. This analysis did not set out to explain all causes of deforestation in cocoa exporting countries, nor is it making the claim that cocoa is the only driver of deforestation in these countries. Rather, the results from this study demonstrate that cocoa has unique and detrimental impacts on forests in developing Tables   7 and 8 show a negative association between GDP per capita and deforestation, where nations with higher levels of economic development tended to have lower levels of forest loss.
Although the direct causal mechanisms cannot be accounted for in cross-national analyses, the findings presented here regarding the increased role of cocoa exports in damaging forests in more recent years fit with current reports that document heightened demand for cocoa globally by any means necessary, as well as increased use of more harmful mono-cropping techniques (e.g. Bloomberg 2014; Wessel and Quist-Wessel 2015; World Resources Institute 2015) . Certainly, more case study and qualitative research is needed to fully parcel out these mechanisms and how strategies in cultivating or establishing cocoa plantations have changed in recent years, which present a potential avenue for future research.
Based on current consumption patterns that point to increasing demand in rapidly developing nations like China and India, this situation is likely to worsen over time. Indeed, as mentioned previously, many chocolate company executives are looking to rising Asian nations as untapped markets for chocolate and places of enormous future growth (Reuters 2015) . As demand in the two most populous countries in the world increases, this will no doubt place significant additional strains on cocoa farmers to expand cultivation sites. The problems associated with deforestation are well documented and include a loss of biodiversity, climate change, increased soil erosion, and rifts in the water cycle. In these ways, deforestation resulting from cocoa production is likely to have further negative impacts on other aspects of the environment and local ecology.
This research focuses on one environmental problem associated with the concentration of cocoa exports, deforestation. While deforestation is a significant environmental threat, other externalities are associated with cocoa production. In recent years, social issues such as the use of child labor and even child slaves on cocoa plantations have been uncovered and highly publicized in world media reports, including a documentary film, Slavery: A Global Investigation (BBC 2000) . These reports have led governments to act; in the U.S. there was a congressional action in the form of the Harkin-Engle Protocol which demands that companies comply with International Labor Organization's Convention 182. This was only a voluntary agreement, but it was signed by most of the largest chocolate companies. While the industry is working to guarantee that child labor and child slaves are not used in the cultivation or harvest of cocoa beans, there is still While there has been an increase in fair trade cocoa production, which ensures safer environmental and social practices and better economic returns to growers, the International Cocoa Organization (ICCO), reports that in 2015 only 0.5% of chocolate on the market is designated as fair trade (ICCO 2016) . Considering the detrimental environmental and social consequences in poor nations involved in the cocoa industry, this statistic is staggering and indicates that more work is needed to ensure safer and more sustainable forms of production. In addition, in response to deforestation trends related to cocoa production, in some nations, such as Côte d'Ivoire, governments have chosen to eject small farmers from areas around protected forests in attempts to stem forest loss (allAfrica 2016). While this could bring some immediate relief to forests, the basic rights of indigenous people to the land are overlooked with these types of policies. In general, victimizing poor, smallholding farmers who are influenced by larger structural trends inherent in the capitalist world economy to undertake unsustainable growing practices, does nothing to address the roots of these environmental problems.
The main limitation of this study, and much of the other cross-national research using an unequal exchange framework, is that only restricted aspects of these processes can be examined here. While increased demand coming from Western Europe, North America, and the rapidly growing middle-class in Asian countries such as China and India that put the pressure on farmers jwsr.org | DOI 10.5195/JWSR.2017.731 to engage in unsustainable and environmentally deleterious practices, including deforestation, this demand is not captured in the empirical model. I make a compelling case that chocolate trade is an example of ecologically unequal exchange as it has grown almost exclusively in low-income countries and consumed mainly in high-income countries, and the unequal exchange framework is based on the exchange of low-value, environmentally damaging products for high-value products and services. However, both sides of this dynamic are not included in the empirical model in this study, nor in much of the research in this tradition. Measuring demand as well as both parts of the exchange inherent in unequal exchanges is important and future work on unequal exchange should aspire to do this.
An additional limitation of this study is that the social or additional environmental consequences of cocoa production are left unexamined. While this analysis is limited to deforestation, there are other important adverse social and environmental consequences of cocoa cultivation and monocropping, as discussed previously. Future research could also build on the work presented here to empirically examine the other potential harmful impacts of specialization in cocoa production across developing nations engaged in cocoa cultivation.
To adequately make real headway on deforestation and likely other environmental and social problems associated with cocoa production, we must propose solutions that address the underlying inequalities within the world-system. Although nations may be encouraged to cultivate cocoa due to increased demand in global markets for chocolate, it is clear that this form of specialization has had important costs on forests in recent years. As export concentration in cocoa is leading to heightened rates of forest loss in poor nations, it is not likely that this will spur successful development, but in fact, environmental decline of a nation's most vital resource may only lead to longer-term trends of underdevelopment. In these ways, ecologically unequal exchange in cocoa is not a viable development strategy. Mechanisms of unequal exchange continue to underpin inequalities between the Global North and the Global South, and chocolate represents a key luxury product in affluent nations that contributes to patterns of underdevelopment in poor nations. 
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